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FIRE AND EXPLOSION SUPPRESSION 



The invention relates to fire and explosion suppression. Embodiments of the invention, to 
be described below by way of example only, use a mist of a liquid extinguishant, such as 
water, as the suppression agent. 

According to the invention, there is provided a fire and explosion suppression system, 
comprising a source of pressurised liquid extinguishing agent, a source of a pressurised 
inert gas, mist producing means connected to receive a flow of the liquid extinguishing 
agent to produce a mist therefrom, mixing means for mixing the already-produced mist 
into a flow of the pressurised inert gas to.produce a discharge in the form uf a two-phase 
mixture comprising a suspension of droplets of the mist in the pressurised inert gas, and 
control means for controlling the ratio of the mass flow rate of the liquid extinguishing 
agent to the mass flow rate of the pressurised gas towards such a value as to tend to 
produce a desired droplet size distribution in and for substantially the duration of the 
discharge. 

According to the invention, there is further provided a fire and explosion suppression 
method, in which a mist of a liquid extinguishing agent is produced from a flow of the 
liquid extinguishing agent and is mixed into a flow of pressurised inert gas to produce a 
discharge in the form of a two-phase mixture comprising a suspension of droplets of the 
mist in the pressurised inert gas, including the step of controlling the ratio of the mass 
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flow rate of the liquid extinguishing agent to the mass flow rate of the pressurised gas 
towards such a value as to tend to produce a desired droplet size distribution in and for 
substantially the duration of the discharge. 

Fire and explosion suppression systems and methods according to the invention, 
employing a mist of a liquid extinguishing agent, will now be described, by way of 
example only, with reference to the accompanying diagrammatic drawings in which: 

Figure 1 is a schematic diagram of one of the systems; 

Figure 2 is a graph for explaining the operation of the system of Figure i; and 
Figure 3 shows a modification of the system of Figure 1; 
Figure 4 shows another of the systems. 

Referring to Figure 1, the system has a vessel 5 storing water. The vessel 5 is connected 
to an input of a mixing unit 6 via a metering valve 7, a flow regulator 8 and a pipe 12. At 
the input to the mixing unit 6, the pipe 12 feeds the water to a misting nozzle 13 or other 
water mist generating means (for example, a simple orifice or restriction hole across 
which a pressure differential is maintained). 
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The system also includes a vessel or vessels 14 storing an inert gas such as nitrogen. 
Vessels 1 4 have an outlet connected via a means of pressure regulation 1 6 and/ or a means 
of flow regulation 1 8 and a pipe 20 to another input of the mixing unit 6. The mixing unit 
6 has an-outlet pipe 22 which connects with a distribution pipe 24 terminating in spreader 
or distribution heads 26,28. 

The water in the vessel 5 is pressurised by the gas within vessels 14, via an 
interconnection 30. 

The nozzle 13 comprises any suitable form of nozzle for atomising the water to produce a 
water mist. Examples of suitable misting nozzles include single or multi-orifices, single 
or multi-orifice phase direct impingement nozzles, spiral insert nozzles and rotating disc 
nozzles. In principle, any standard water mist type nozzles can be used. 

In use, and in response to detection of a fire or explosion, the vessels 5 and 14 are opened. 
Water from the vessel 5 and gas from the vessels 14 are fed under high pressure through 
pressure regulators 1 6 and 8, flow regulator 1 8 and metering valve 7, and thence along the 
pipe 12 and 20. The misting nozzle 13 produces amist of water droplets which is injected 
into the mixing chamber 6. 



In the mixing chamber 6, the water mist produced by the misting nozzle 1 3 is effectively 
added to the inert gas received via the pipe 20. The resultant two-phase mixture (that is, 



p 
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water mist droplets carried by the inert gas) exits the mixing chamber along the outlet 
pipe 22 and is carried at high velocity to a T-junction 23, and thence along the distribution 
pipe 24 to exit from the spreaders 26,28 into the volume to be protected (that is, the room, 
enclosure or other space where a fire or explosion is to be suppressed). 

Tests have shown that the ratio between the mass flow rate of the water (M w ) to the 
misting nozzle 13 and the mass flow rate of the gas (Mg) along the pipe 20 to the mixing 
chamber 6 is a significant factor for determining the resultant droplet size distribution 
(DSD) in the mist which is discharged through the spreaders 26,28. If is substantially 
constant while M g rapidly decays (as the gas is discharged from the bottles 14), it is found 
that the median value of DSD increases during the discharge - which is not conducive to 
good extinguishing performance. It has been found that suitable adjustment of the ratio 
M^/Mg can produce a more satisfactory DSD, in particular a value for DSD which is 
approximately constant for the entirety of the discharge. 

In accordance with a feature of the system shown in Figure 1, the water in the vessel 5 is 
pressurised by the gas within the vessels 14, via the interconnection 30. Interconnection 
30 is shown as connected separately to the two vessels 14. Instead, it could be connected 
to the pipe which they both feed. The metering valve 7 in the pipe 12 between the vessel 
5 and the nozzle 13 enables the initial flow rate of the water in the pipe 12 (that is, the 
value of M w ) to be set. During discharge, the water is forced out of the vessel 5 by the gas 
pressure in the vessels 14 and passes through the metering valve 7 into the nozzle 13 
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where it is converted into a mist within the mixing chamber 6. At the same time, the gas 
is forced along the pipe 20 into the mixing chamber 6. As the gas pressure in the vessels 
14 decays, there will clearly be a reduction in the value of M w . At the same time, though, 
the reduced gas pressure will cause a reduction in the value of M g in the pipe 20. 
Approximately, therefore, the ratio of M w to M g remains constant throughout the 
discharge. It is found that DSD remains substantially constant for the entirety of the 
discharge, and this in turn is found to produce improved fire extmguishing capabilities. 

Figure 2 shows the results of a more detailed investigation into the values of M w and M g 
during discharge. Curve A shows the value of M w , curve B shows the value of Mg and 
curve C shows the value of the ratio of MJM S . Curve C shows that the ratio MjM e is 
substantially constant for the majority of the discharge. However, there is a significant 
deviation from constancy during the early stages of the discharge. This suggests that an 
increase in the value of M w during the early part of the discharge should be beneficial, 
because it will raise the value of the ratio towards a constant value during this part 

of the discharge. This is found to increase the number of fine water droplets in the 
discharge and to improve the extinguishing capabilities. 

In accordance with a feature ofthe system shown in Figure 1, therefore, the flow metering 
valve 7 is arranged to be dynamically adjustable during the discharge. For example, the 
metering valve 7 could be amotorised valve driven by an electrical stepper motor 9 under 
control of a control unit 10. The control unit 10 is responsive to an input dependent on 



the decaying mass flow rate M g in the pipe 20 during discharge, receiving an input from a 
C '■ suitable mass flow measuring device 1 1 (or alternatively receiving an input dependent on 

decaying pressure in the vessels 14). In a modification not shown, the control unit 1 0 is 
pre-programmed with values determined either via a flow prediction model or 
empirically. The control unit 10 thus energises the stepper motor 9 to achieve a desired 
value of the ratio M^/Mg throughout the discharge in order to give a desired value for the 
DSD. 

If a system of the type shown in Figure 1 is used to protect multiple areas (e.g. multiple 
rooms), there may be a single water cylinder fed by several gas cylinders. In the event of 
a fire, the number of gas cylinders activated (that is, opened) will depend on the number 
of areas or rooms where discharge is required. Thus, the metering valve 7 could be 
adjusted by the control unit 10 in dependence on the number of activated gas cylinders 
(and to tend to keep the ratio M^/Mg constant). 

Figure 3 shows a modification of the system of Figure 1 in which the metering valve 7 is 
directly controlled by the pressure in the vessels 14 (via a branch from the interconnection 
30). Such a modification avoids the need for the motor 9, the control unit 10 and the 
measuring device 1 1 . The characteristics of the valve 7 would be selected so that it was 
adjusted by the decaying gas pressure, in such a way as to tend to keep the ratio. M^/Mg 
constant. Ih such an arrangement, M g will be determined by the regulator 1 8 which will 
be sonically choked. M^, will be proportional to the square root of the pressure forcing the 



water out of the vessel 5, that is, the pressure in the interconnection 30. M w will be 
directly proportional to the effective size of the varying orifice in the metering valve 7. 
Thus, if the metering valve 7 is a pressure control proportioning water valve having an 
orifice size directly controlled by the gas pressure, this will tend to keep the ratio M^Mg 
constant. 

Figure 4 shows a modified form of the system of Figure 1, in which the relative 
complexity of the continuously variable metering valve 7 of Figure 1 is avoided. As 
shown in Figure 4, the water from the vessel 5 can be fed to the nozzle 13 via either of 
two pipes 12A and 12B under control of a selector valve 29. In a modification not shown 
valve 29 comprises two separate selector valves. Pipe 12 A incorporates a control orifice 
32 having a relatively large open cross-section while pipe 12B incorporates a control 
orifice 34 having a relatively small open cross-section. In this way, therefore, the selector 
valve 29 can vary the value for M w by selecting either the pipe 12A or the pipe 12B to 
feed the pressurised water to the nozzle 1 3 . 

For example, during the early part of discharge, the selector valve 29 will selectpipe 12A 
so that the value for M w is relatively high. After an initial period, when the pressure in the 
gas vessels 14 has decreased sufficiently, the selector valve 29 selects pipe 12B instead of 
12A. 



The selector valve 29 can be operated by an actuator 35 under control of a control unit 36. 
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The control unit 36 can simply measure the elapsed time since the beginning of discharge, 
and switch off pipe 12A and switch on pipe 12B instead after a fixed time has elapsed. In 
modification (not shown), the control unit could measure the value of Mg in the pipe 20, 
the pressure in the gas vessels 14, and switch from pipe 12A to pipe 12B when the 



a 
or 



measured value has decreased sufficiently. 

If two separate selector valves are used, then during the early part of discharge the 
selector valves will select pipes 12A and 12B so that the combined M w is relatively high. 
After an initial period, when the pressure in the gas vessels 14 has decreased sufficiently, 
the selector valves are set to select pipe 12B only. 

Although only two control orifices are shown in Figure 4, allowing selection between a 
relatively large open cross-section and a relatively open cross-section, it will be 
understood that more than two such orifices could be provided, to give a greater number 
of changes in values of M w . 

It has been found that control of the ratio MJM S is difficult at the end of the discharge, 
and large water droplets may occur which are considered to be undesirable. Therefore, 
the water flow from the vessel 5 maybe stopped completely near the end of the discharge, 
to allow the remaining gas to remove any water residue present in the pipe network. The 
water flow could be switched off using the metering valve 7 of Figure 1 or the selector 
valve 29 of Figure 4 (which would have an appropriate intermediate setting). Instead, a 



separate cut-off valve could be used. 



When discharge is initiated, the pressure of the gas within the vessels 14, and the value of 
M g , decay very rapidly. Tests on a particular installation have shown that 25% of the total 
mass of the gas has been discharged within two seconds of initiation of the discharge, and 
50% of the total mass of the gas has been discharged within seven seconds. Clearly, 
therefore, it is important to use the first few seconds of discharge as effectively as 
possible. In accordance with a feature of the systems being described, therefore, vessel 5 
can be opened before vessel 14. The pressure of the gas exerted on the water in the vessel 
5 via the interconnection 30 will thus ensure that some water is present at the misting 
nozzle 13 when me gas valve is subsequently opened. This therefore helps to ensure that 
discharge of water mist through mixing chamber 6 takes place substantially 
instantaneously upon the opening of vessel 14, to take maximum advantage of the initial 
gas pressure. Furthermore, the initial presence of the water at the misting nozzle 13, 
when the flow regulator 18 is opened, helps to reduce problems (e.g. formation of ice) 
caused by the extremely low temperatures when the gas discharge starts. 

It is also believed to be advantageous to ensure that an excess of water is present when 
discharge starts, to aid wett ing of the pipe network. For example, a section 22A of the 
outlet pipe 22 (see Figure 1) can be sealed off at each of its ends by a burst disc and filled 
with water. When discharge starts, the pressure in the pipe 22 bursts the discs, making the 
trapped water available for pipe wetting. 
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Although the systems shown in Figures 1,2 and 4 pressurise the water in the vessel 5 
using the gas pressure in the vessels 14 (via the interconnection 30), providing an 
advantageous tendency to a constant ratio of M w /M g , this method of pressurising the water 
is not essential. Instead, for example, the water in the vessel 5 could be pressurised in 
some other suitable way such as by means of a controllable pump. In such a case, a 
suitable control unit could be used to control the value of M^,, by varying the pump 
pressure, in such a way as to tend to keep the ratio MJM 6 constant to achieve a desired 
DSD. 

The liquid extinguishant used in the systems as so far described has been specified as 
water. However, instead, a suitable liquid chemical extinguishant canbe used, preferably 
in the form of a chemical substance having low or zero oxygen depletion potential and a 
low environmental impact with a short atmospheric lifetime of preferably less than thirty 
days. 
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CLAIMS 



1 . A fire and explosion suppression system, comprising a source of pressurised liquid 
extinguishing agent, a source of a pressurised inert gas, mist producing means connected 
to receive a flow of the liquid extinguishing agent to produce a mist therefrom, mixing 
means for mixing the already-produced mist into a flow of the pressurised inert gas to 
produce a discharge in the form of a two-phase mixture comprising a suspension of 
droplets of the mist in the pressurised inert gas, and control means for controlling the ratio 
of the mass flow rate of the liquid extmguishing agent to the mass flow rate of the 
pressurised gas towards such a value , as to tend to produce a desired droplet size 
distrib ution in and for substantially the duration of me discharge. 

2. A system according to claim 1 , in which the control means controls the value of 
the ratio towards a constant value. 

3 . A system according to claim 1 or 2, in which the control means includes means for 
pressurising the liquid extmguishing agent in dependence on the pressure of the inert gas. 

4. A system according to claim 3, in whi ch the pressurised inert gas is pressurised by 
being stored under pressure which thus reduces during the flow thereof and reduces the 
mass flow rate of the inert gas, and in which the control means includes means for 
applying the pressure of the stored inert gas to pressurise the liquid extinguishing agent 
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whereby the reducing applied pressure correspondingly reduces the mass flow rate of the 
liquid extmguishing agent. 

5. A system according to any preceding claim, in which the control means includes 
controllable valve means for controlling the mass flow rate of the liquid extmguishing 
agent during the discharge. 

6. A system according to claim 5, in which the valve means comprises a controllable 
metering valve means and the control means includes means for adjusting the metering 
valve means in dependence on the mass flow rate of the gas. 

7. A system according to claim 5, in which the valve means comprises a controllable 
metering valve means and the control means includes means for adjusting the metering 
valve means in dependence on the pressure of the stored inert gas. 

8. A system accordingto claim 5, in which the controllable valve means comprises a 
plurality of parallel flow paths for feeding the liquid extinguishing agent to the mist 
producing means and having respective flow orifices of different cross-sectional area, in 
combination with selection means for selecting any one or more of the flow paths. 



9. A system according to any one of claims 1 to 3, in which the control means 
includes means for controlling the pressure of the pressurised liquid extmgmshing agent. 
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10. A system according to claim 9, in which the control means includes a pump.for 
pressurising the source of the liquid extmguishing agent 

11. A system according to claim 10, in which the control means includes means 
responsive to the mass flow rate of the inert gas for adjusting the pump to vary the 
pressure of the source of the liquid extinguishing agent. 

12. A system according to any preceding claim, including means for initiating the flow 
of the liquid extinguishing agent before initiating the flow of the inert gas. 

13. A system according to any preceding claim, in which the liquid extinguishing 
agent is water. 

14. A system according to any one of claims 1 to 12, in which the liquid extinguishing 
agent is a chemical substance. 

15. A fire and explosion suppression method, in which a mist of a liquid extinguishing 
agent is produced from a flow of the liquid extinguishing agent and is mixed into a flow 



of pressurised inert gas to produce a discharge in the form of a two-phase mixture 
comprising a suspension of droplets of the mist in the pressurised inert gas, including the 
step of controlling the ratio of the mass flow rate of the liquid extmguishing agent to the 



mass : 
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; flow rate of the pressurised gas towards such a value as to tend to produce a desired 
droplet size distribution in and for substantially the duration of the discharge. 

16. A method according to claim 15, in which the value of the ratio is controlled 
towards a constant value. 

17. A method according to claim 15 or 16, in which the controlling step includes the 
step of pressurising the liquid extinguishing agent in dependence on the pressure of the 
inert gas. 

18. A method a6cording to claim 17, in which the pressurised inert gas is pressurised . 
bybemgstoredunderpressurewhich^ 

mass flow rate of the inert gas, and in which the controlling step includes the step of 
applying the pressure of the stored inert gas to pressurise the liquid extinguishing agent 
whereby the reducing applied pressure correspondingly reduces the mass flow rate of the 
liquid extinguishing agent. 

19. Amethod according to any one of claims 15 to 18, in which the controlling step 
includes the step of controlling the mass flow rate of meHquidextmguishing agent during 
the discharge. 



20. A method according to claim 19, in which the mass flow rate of the liquid 
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extinguishing agent is adjusted in dependence on the mass flow rate of the gas. 



21. A system according to claim 19, in which the mass flow rate of the liquid 
extinguishing agent is adjusted in dependence on the pressure of the stored inert gas. 

22. A method according to any one of claims 1 5 to 17 in which the controlling step 
includes the step of controlling the pressure of the pressurised liquid extinguishing agent. 

23 . A method according to claim 22, in which the controlling step includes the step of 
varying the pressure of the liquid extmguishing agent in response to the mass flow rate of 
the inert gas. 

24. Amethod according to any one of claims 15 to 23, including the step of initiating 
the flow of the liquid extinguishing agent before initiating the flow of the inert gas. 

25. A method according to any one of claims 15 to 24, in which the liquid 
extingmshing agent is water. 

26. A method according to any one of claims 15 to 24, in which the liquid 
extinguishing agent is a chemical substance. 

27. A fire and explosion suppression system, substantially as described with reference 



to Figure 1 of Hie accompanying drawings. 



28 . A fire and explosion suppression system, substantially as described with reference 
to Figure 3 of the accompanying drawings. 

29 . A fire and explosion suppression system, substantially as described with reference 
to'Figure 4 of the accompanying drawings. 

30. A fire and explosion suppression method, substantially as described with reference 
to Figures 1 and 2 of the accompanying drawings. 

31. A fire and explosion suppression method, substantially as described with reference 
to Figures 2 and 3 of the accompanying drawings. 

32. A fire and explosion suppression method, substantially as described with reference 
to Figures 2 and 4 of the accompanying drawings. 
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ABSTRACT (Figure 1) 

A fire and explosion suppression system comprises a source (5) of high pressure water 
which is fed to a misting nozzle (1 3) at one input of a mixing unit (6), and a source (14) of 
high pressure inert gas, such as nitrogen, which is fed along a pipe (20) to another input of 
the mixing unit (6). Inside the mixing unit (6), water mist, in the form of an atomised 
mist of very small droplet size is mixed with the pressurised gas and exits the mixing unit 
(6) at high pressure and high velocity along a pipe (22) and is thence discharged through 
spreaders (26,28). The source (5) of the water is pressurised by a feed (30) from the 
source of pressurised inert gas. The mass flow rate of the water will therefore reduce as 
the pressure of the gas decays. This tends to maintain the ratio of the mass Sow rate of 
the water to the mass flow rate of the gas constant. This is found to produce and maintain 
advantageous distribution of droplet size in the discharged mist. A control unit (10) 
djusts a metering valve (7) in dependence on the mass flow rate or the pressure of the gas 
in order to adjust the ratio as necessary to maintain its value constant. 
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